Abstract: The Cuscuta chapalana complex (Convolvulaceae) is a recently circumscribed clade within the subgenus Grammica that includes several little-known species from Mexico and Central and northern South America characterized by the presence of peculiar subapical multicelullar appendages on the corolla and often on the calyx lobes. Basic morphology, scanning electron microscopy, and DNA sequence data from the plastid trnL-F region and the 26S rDNA and internal transcribed spacer nuclear regions were used to investigate the phylogenetic relationships within the group and to test the species limits. Multicellular appendages are horn-like or tubular in shape and bear one or more stomata at their tips; hence the vernacular name "horned" dodders. Eight lineages were reconstructed; two of them, both from Mexico, were described as new species: Cuscuta bonafortunae Costea & I. García, sp. nov., and Cuscuta carnosa Costea & Stefanović, sp. nov. Cuscuta pringlei is redefined as a variety of Cuscuta strobilacea. A taxonomic treatment with an identification key, descriptions, and illustrations is provided.
Introduction
Cuscuta L. (dodders) is one of the most diverse and challenging groups of parasitic plants. The genus is cosmopolitan and includes over 200 species and 60 nonautonymic varieties, but the highest diversity of species (ca. 140) is encountered in the Americas (Yuncker 1932; García and Martín 2007; Stefanović et al. 2007 ). Dodders are important both economically and ecologically. A few species can produce considerable losses to agricultural crops (Parker and Riches 1993; Costea and Tardif 2006) . The majority of Cuscuta species, however, act as keystone species in their natural ecosystems (reviewed by Press and Phoenix 2005) . In addition, numerous dodders require conservation measures, and some are presumed extinct (Costea and Stefanović 2009a) .
Almost eight decades after Truman G. Yuncker's monograph (Yuncker 1932) , the systematics of Cuscuta (dodders) is receiving renewed interest. Two of the three accepted subgenera, Cuscuta and Grammica, have recently been the subject of broadscale phylogenetic studies (García and Martín 2007; Stefanović et al. 2007 ). In the subgenus Grammica, the largest and most complicated infrageneric group, 15 major lineages have been circumscribed (Stefanović et al. 2007) , with little correspondence to Yuncker's sections and subsec-tions. Subsequently, a series of focused systematic studies have been initiated to investigate these clades at a species level. To date, six major Grammica clades have been examined: four that consist of mostly species from the territory covered by the Flora of North America (Costea et al. 2005 (Costea et al. , 2006a (Costea et al. , 2006b (Costea et al. , 2006c (Costea et al. , 2009 Costea and Stefanović 2009b) and two with predominantly Mexican dodders Costea and Stefanović 2010) .
Our present study continues this series by investigating a group of little-known species corresponding to clade K of Stefanović et al. (2007) . In the absence of a formal sectional name, which will be published with a new infrageneric classification of the genus (M. Costea et al., unpublished data) , we here refer to this clade as the Cuscuta chapalana complex. This group includes the species of the former subsection Ceratophorae (section Cleistogrammica), in which Yuncker (1932 Yuncker ( , 1965 grouped four species, Cuscuta blepharolepis (not examined in this study), C. chapalana, Cuscuta erosa, and Cuscuta boldinghii, characterized by a deeply divided calyx with variously denticulate lobes and gynoecia with subulate styles. Recent molecular results have shown that three other species, Cuscuta strobilacea, Cuscuta mexicana, and Cuscuta costaricensis, previously included by Yuncker (1932 Yuncker ( , 1965 in other subsections of the subgenus Grammica, are also a part of the C. chapalana complex (Stefanović et al. 2007; Stefanović and Costea 2008) .
Species of this clade are distributed mostly in Mexico; however, C. erosa is also found in southern Arizona; C. costaricensis and C. strobilacea reach Central America (Costa Rica and Guatemala) , and C. boldinghii expands to the Caribbean and Central and northern South America. Most of the species were originally described by Yuncker from scarce herbarium material. Among them, C. chapalana, C. mexicana, and Cuscuta ortegana were known only from their type collections, while C. strobilacea and C. boldinghii were represented by a few specimens (Yuncker 1932; Carranza 2008) . To build on this taxonomic foundation, we included numerous additional collections in an attempt to test species limits based on their evolutionary relationships. The objectives of this study were to (i) recover the evolutionary history of the C. chapalana clade based on plastid (trnL-F) and nuclear (internal transcribed spacer (ITS), 26S rDNA) sequences; (ii) investigate the morphology and micromorphology of the taxa involved; and (iii) provide a new classification with the description of two new species, Cuscuta bonafortunae and Cuscuta carnosa.
Material and methods

Taxon sampling
Specimens from over 100 herbaria were studied in connection with the upcoming treatments of Cuscuta for the Flora of North America Project, Flora Mesoamericana, Flora Neotropica, and a future monograph of the genus. A subset of 21 accessions, representing nine ingroup taxa, including two new species described here as C. bonafortunae and C. carnosa, was used for the molecular phylogenetic analyses (Appendix A). Efforts were made to sample multiple accessions, including for the species previously known only from their type collections (e.g., C. chapalana and C. mexicana). As a result, one to four individuals are included in the molecular analyses for all but two species, C. blepharolepis and C. ortegana, which we could not sample for the molecular analyses. Cuscuta blepharolepis is known only from the type specimen (BM, NY). Although we found additional herbarium collections for C. ortegana, their quantity and quality did not permit DNA extraction.
Based on our previous broader phylogenetic analyses of Cuscuta subgenus Grammica (Stefanović et al. 2007; Stefanović and Costea 2008) , we selected Cuscuta corymbosa var. stylosa (clade J) and Cuscuta americana (clade I) as outgroup taxa (Appendix A).
Morphology and micromorphology
Descriptions are based on rehydrated herbarium material (Appendix B) and were corroborated whenever possible by fresh flowers collected in the field and preserved in formalin-acid-alcohol (Ruzin 1999) . We examined the basic morphology of rehydrated flowers and capsules under a Nikon SMZ1500 stereomicroscope equipped with a PaxCam Arc digital camera and Pax-it 7.2 software (MIS Inc., Villa Park, Ill.). For scanning electron microscopy, we used hexamethydisilazane as an alternative to critical point drying (method modified from Bray et al. 1993) . Rehydrated herbarium samples (Appendix B) were dehydrated using an ethanol series (70%, 80%, 95%, and 100%; each step 1 h), immersed for 1 h in 1:1 v/v ethanol-hexamethydisilazane, and passed through an overnight change of 100% hexamethydisilazane. Samples were air dried and coated with 30 nm gold particles using an Emitech K 550 sputter coater (Emitech Ltd., Ashford, UK). Examination, measurements, and pictures were taken at 10 kV using a Hitachi SU1510 variable pressure scanning electron microscope (Hitachi Canada Ltd., Mississauga, Ont.). Pollen data had already been provided by Welsh et al. (2010) for all the species except C. mexicana, C. bonafortunae, and C. carnosa. Here, we studied the pollen of these species and increased the sampling for all the other species (Appendix B).
The terminology regarding the micromorphology of flowers and seeds follows Costea et al. (2006a) ; pollen terminology uses Welsh et al. (2010) . Hundreds of photographs that illustrate details of the floral parts and pollen and fruit morphology for all the species, including the types, are available in the Digital Atlas of Cuscuta (Costea 2007-onwards) . The geographical distribution of taxa, phenology, elevation, and host ranges are based on observation made in the field and from herbarium specimens.
Molecular methods and alignments
In addition to the DNA samples used in previous studies (Stefanović et al. 2007; Stefanović and Costea 2008) , total genomic DNA was isolated from newly obtained specimens by the modified cetyltrimethylammonium bromide method (Doyle and Doyle 1987) and purified using Wizard minicolumns (Promega Corporation, Madison, Wis.). DNA fragments for three regions of interest were obtained via PCR from total genomic DNA. The plastid genome (ptDNA) region containing the trnL intron, 3′trnL exon, and intergenic spacer between this exon and trnF (i.e., the trnL-F region) was amplified using primers designed by Taberlet et al. (1991) . The ITS region of nuclear ribosomal DNA (nrDNA) containing ITS1, 5.8S, and ITS2 (here called ITS) was obtained using primers described by Baldwin (1992) . To amplify a ca. 950 bp portion at the 5″end of the nuclear large subunit ribosomal DNA (26S rDNA), primers described by Kuzoff et al. (1998) were used. PCR reagents and conditions as well as amplicon purification and sequencing procedures followed the protocols detailed in Stefanović et al. (2007) . Sequences newly generated in this study are deposited in GenBank (accession Nos. JN234778-JN234818; see Appendix A). Sequences were aligned manually using Se-Al version 2.0a11 (Rambaut 2002) .
Phylogenetic analyses
Phylogenetic analyses were conducted using PAUP* version 4.0b10 (Swofford 2002) under both parsimony and maximum likelihood criteria.
Given the moderate number of terminal units, the parsimony searches were conducted with a branch-and-bound algorithm, ensuring recovery of all the most parsimonious trees. Matrix characters were treated as unordered (Fitch 1971) , and all changes were equally weighted.
ModelTest version 3.7 (Posada and Crandall 1998) was used to determine the model of sequence evolution that best fit the data by the hierarchical likelihood ratio test starting with the parsimony-derived tree rather than the neighborjoining default. The Hasegawa-Kishino-Yano (HKY) model of DNA substitution (Hasegawa et al. 1985) , with rate variation among nucleotides following a discrete gamma distribution (HKY + G), was selected as the best fit for the plastidderived trnL-F matrix. The Tamura-Nei (TrN) model of DNA substitution (Tamura and Nei 1993) , with rate variation among nucleotides following a discrete gamma distribution (TrN + G), was selected as the best fit for both nuclearderived data sets (ITS and 26S rDNA) as well as for the combined data. The full heuristic searches for maximum likelihood trees were performed using corresponding models of DNA evolution, each involving 100 replicates with stepwise random taxon addition, tree bisection-reconnection branch swapping, and MULTREES option on.
Under both criteria, the support for clades was inferred by nonparametric bootstrapping (Felsenstein 1985) using 200 heuristic bootstrap pseudoreplicates, tree bisection-reconnection branch swapping, and MULTREES option on. Nodes receiving bootstrap (BS) values <70%, 70%-85%, and >85% were considered weakly, moderately, and strongly supported, respectively. Potential conflict between data sets was evaluated by visual inspection, looking for the presence of strongly supported but conflicting topologies from individual data partitions.
Results
General morphology and micromorphology
The deeply divided calyx, and especially the characteristic subapical multicellular appendages present on the corolla and (or) calyx lobes, distinguish the C. chapalana clade from other major groups of subgenus Grammica. Multicellular protuberances have evolved multiple times in subgenus Grammica; however, in the C. chapalana clade, they attained a degree of morphological distinctiveness that is not encountered in other clades. First, in the C. chapalana clade, appendages develop on the bracts, calyx, and corolla lobes, and they have a characteristic subapical position (Figs. 1a-1h) . In other Grammica clades, multicellular protuberances usually develop only on the bracts and calyx, and they are irregularly distributed along the midveins. Second, the morphology of the appendages in the C. chapalana clade is unique; namely, they are narrow conical, tubular, or horn shaped (Figs. 1a-1h) , and hence the vernacular name used for these species is "horned dodders". In other groups, the shape of the multicellular protuberances can be dome-like (C. dragonella, clade A; C. desmouliniana, clade L) or crest-like (C. cotijana, clade G; C. chinensis, clade H; C. tuberculata, clade L; for Grammica clades, see Stefanović et al. 2007 ). However, as for the species from other clades, the calyx and corolla appendages in the C. chapalana clade begin to develop early in the bud, and they are fully formed when reproductive structures are not yet mature. Calyx and corolla appendages are fleshy; they bear one or more stomata at their apex (Figs. 1f and 1h) , and their physiological function is still unknown.
Based on the presence and morphology of the corolla appendages, we are confident that C. ortegana belongs to the C. chapalana clade even if we could not include it in the molecular analyses. Moreover, the morphology of the flowers indicates that among other species of this clade, C. ortegana is likely the most closely allied to C. costaricensis. These are the only two species within the C. chapalana complex that are morphologically reminiscent of the C. umbellata clade, one of the major Cuscuta subgenus Grammica groups that share evolutionary affinities with the horned dodders (Stefanović et al. 2007; Costea and Stefanović 2010) . Cuscuta costaricensis and C. ortegana have membranous flowers that maintain their cream-white color when dried; styles are thin, and in general they exhibit the same shape of calyx and corolla lobes as the members of the C. umbellata clade. The remaining species in the C. chapalana clade have fleshy flowers that tend to become dark brown after they dry; styles are either subulate or thick and cylindrical; perianth parts have a different morphology (see identification key and descriptions).
Capsules are dehiscent in all the species. The subulate styles present in several species of the C. chapalana clade (C. boldinghii, C. bonafortunae, C. chapalana, and C. erosa) are a feature that evolved in Cuscuta in only two other clades from subgenus Grammica (clades G and O; Stefanović et al. 2007) .
Pollen grains are 3(-4)-zonocolpate, subspheroidal to prolate; the tectum is more diverse than in the C. umbellata clade and is imperforate, perforate, or microreticulate. No additional pollen variation was encountered for previously studied species (Welsh et al. 2010 ; for pollen data and images, see Costea 2007-onwards) .
Sequences and alignments
Summary descriptions for sequences obtained from trnL-F, ITS, and 26S rDNA regions are presented in Table 1 . Sequences newly generated for this study were incorporated together with the relevant portions of the alignments used in our previous analyses (Stefanović et al. 2007; Stefanović and Costea 2008) . Although these three noncoding regions exhibited length variation, the alignments among the ingroup taxa were straightforward throughout the entire length of these matrices and were used in their entirety for phylogenetic analyses. This is in contrast to the higher level phylogenetic study of Cuscuta subgenus Grammica (Stefanović et al. 2007; Stefanović and Costea 2008) in which large portions of the trnL-F could not be aligned across major clades, and these consequently had to be excluded from the analyses. Despite repeated attempts (including efforts to amplify the fragments in two parts), sequence data could not be obtained for one or the other region from a few individuals, presumably because of the poor quality or limited quantity of the DNA extracted from some older herbarium specimens. In addition, we failed to obtain any amplicons for the plastid region (trnL-F) in C. boldinghii and C. mexicana. The simple explanation of poor DNA quality could be excluded as unlikely in some of these cases because the very same extractions were used successfully to amplify the nuclear ribosomal regions. Furthermore, multiple attempts to amplify smaller fragments using different combinations of internal and (or) alternative primers were also unsuccessful. Consistent with our previously reported results (Stefanović et al. 2007; Stefanović and Costea 2008) , these data indicate that the trnL-F region either experienced a significant acceleration in substitution, and thus attained sequence divergence at priming sites used in PCR, or it was altogether lost from the plastid genome of these species. Missing sequences are indicated by an en dash in Appendix A.
Phylogenetic analyses
Initial phylogenetic analyses were conducted on individual trnL-F, ITS, and 26S rDNA matrices. For all three of these analyses, the strict consensuses of equally parsimonious trees (not shown) resulted in relationships that were topologically identical or nearly identical to the respective results derived under the maximum likelihood criterion (Fig. 2) . Also, clades recovered in each analysis were congruent with the tree structure recovered using data from the other matrices. Because there were no strongly supported but conflicting topologies from individual data partitions, we proceeded with a combined analysis. This total-evidence approach benefits from the most complete taxon sampling as well as greater resolution than the larger data set can provide. The maximum likelihood analysis using the total-evidence approach resulted in a single best tree; the phylogram illustrating the inferred relationships as well as branch lengths is shown in Fig. 3 . This tree is entirely congruent with the strict consensus tree resulting from the parsimony analysis (Table 1 ; tree not shown).
The topology resulting from the combined data sets revealed that the C. chapalana species complex is monophyletic and strongly supported as such (100% BS; Fig. 3 ). The first split within the C. chapalana group occurs between the C. costaricensis clade on one side, and the remainder of this complex on the other side. Both of these results are in agreement with our previous broadscale results (clade K; Stefanović et al. 2007; Stefanović and Costea 2008) . Within the larger clade, three major subclades were recovered. The first two subclades, both strongly supported (100% BS; Fig. 3 ), consist of three (C. erosa, C. boldinghii, and C. strobilacea) and two (C. chapalana and C. mexicana) previously described species, respectively. The third subclade contains a single representative, a molecular placeholder, for each of the two lineages described in this study as new species, C. bonafortunae and C. carnosa. The internal support for the sister group relationship between these two species varied in individual analyses (Fig. 2) , resulting in only a moderate support in the combined analysis (75% BS; Fig. 3 ). While some resolution for the backbone relationships among these three subclades is recovered, the support remains week (<50% BS; Fig. 3 ).
Discussion
Placement of Cuscuta blepharolepis
Cuscuta blepharolepis, an African species included by Note: CI, consistency index (excluding parsimony-uninformative characters); HKY + G, Hasegawa-Kishino-Yano model of DNA substitution plus discrete gamma distribution; TrN + G, Tamura-Nei model of DNA substitution plus discrete gamma distribution; -ln L, ln likelihood; MP search, most parsimonious search; ML search, maximum likelihood search; OTU, operational taxonomic unit; RI, retention index. Yuncker (1932) in subsection Ceratophorae, most likely does not belong to the C. chapalana species complex. Based on Yuncker's description and line drawings, C. blepharolepis lacks the characteristic subapical multicellular appendages found on the corolla and (or) calyx lobes of most species in this group. Furthermore, the subulate stiles and deeply divided calyx lobes described for C. blepharolepis are similar to those of some species from clades G and O of subgenus Grammica (Stefanović et al. 2007 ). These latter New World clades include known cases of long-distance dispersal to Australia or Africa (e.g., C. victoriana and C. tasmanica to Australia in clade G, and C. kilimanjari to Africa in clade O; Stefanović et al. 2007 ). Therefore, it is possible that C. blepharolepis may belong to one of these clades rather than to the C. chapalana complex. However, the exact phylogenetic position of this species remains questionable, and to solve this problem, additional and more recent specimens than the type collected by Welwitsch in 1856-1857 (BM) are needed for detailed morphological examination as well as DNA extraction.
Species variation and delimitation
Detailed morphological examination as well as the phylogenetic relationships interred from molecular data (Figs. 2  and 3 ) confirm the distinctiveness of the species treated by Yuncker (1932) in his monograph, including those that were known only for the type collections. In addition, the two new species described here, C. bonafortunae and C. carnosa, are quite distinct from both morphological and molecular points of view. Cuscuta bonafortunae (Figs. 1d-1h and 4) is most similar morphologically to C. boldinghii and C. chapalana; from the former it differs in the corolla lobes that are three to four times longer than the tube and the short infrastaminal scales; from the latter, in the short corolla tube without longitudinal concavities (see the identification key and descriptions). Cuscuta carnosa is reminiscent morphologically of C. mexicana from which it can be distinguished by the very fleshy flowers and corolla lobes without appendages (Figs. 1j and 5; see identification key and descriptions).
Given the scarcity of previously known specimens for the C. chapalana species complex (e.g., Yuncker 1932; Carranza 2008) , it was not a surprise that the new herbarium vouchers we found and examined revealed additional morphological variation. Cuscuta chapalana, for example, was described by Yuncker (1932) as having 3-4 mm long flowers, with a calyx shorter than to equal the length of the corolla tube. First, the size of the flowers in this species can normally reach 5-6 mm. Second, infrastaminal scales in C. chapalana can vary from truncate and almost entire (Yuncker 1932 ) to bifid or even fimbriatae. In particular, we discovered in Jalisco, Mexico, a morphotype of C. chapalana with 6-7 mm long flowers and a corolla tube that is two to three times longer than the calyx. Similarly, C. mexicana, a species included by Yuncker in subsection Tinctoriae (Yuncker 1932) , is also more variable than initially thought. Most notably, a morphotype from Sierra de Manantlan (Jalisco, Mexico) has infrastaminal scales with dendritically branched, multiseriate fimbriae up to 0.4-0.8 mm long, which are the longest ever encountered in any Cuscuta species (Fig. 1i) . The recognition of these morphotypes as varieties is premature at this point, but it may be possible in the future after the examination of additional material using faster-evolving molecular markers and after gaining a better understanding of their biogeography.
Yuncker described Cuscuta pringlei in 1921, but later he reassessed and considered this species to be a synonym of C. strobilacea, an earlier binomial of Liebmann (Yuncker (1932 (Yuncker ( , 1965 . Our study confirms that C. strobilacea and C. pringlei are conspecific, but a closer examination of their types, geographical distribution, and morphological variation patterns revealed new data that strongly suggest that two parapatric varieties can be recognized, albeit with weak molecular support for their separation (Fig. 3) . The type variety occurs in Guerrero, Michoacán, Veracruz, Oaxaca (Mexico), El Salvador, and Honduras. It has acute calyx and corolla lobes, and subapical appendages are present both on the corolla and calyx lobes (Fig. 6, a1-a2 ; identification key). The other variety corresponds to C. pringlei, and it grows in Baja California, Chiapas, Durango, Jalisco, Morelos, and Nayarit (Mexico). Its calyx and corolla lobes are rounded, and subapical appendages are present only in the calyx lobes (Fig. 6 , b1-b3; identification key). Similar discrete variations in the shape of the calyx and (or) corolla lobes are commonly recognized at a varietal level in species from other clades of subgenus Grammica; for example, Cuscuta indecora var. longisepala Yunck.; Cuscuta platyloba var. triangulata Yunck.; and Cuscuta xanthochortos var. lanceolata Mart. Consequently, a new nomenclatural combination and the variety status are proposed for C. pringlei in the taxonomic treatment. glomerulate or dense-paniculiform, globose-isolated or confluent; pedicels 0.2-0.6 mm; bracts 1 at the base of clusters, 0-2 at the base of pedicels, 0.75-1.8 mm long, ovate to lanceolate resembling sepals, margins entire, apex acuminate to attenuate. FLOWERS 5-merous, 2.5-4 mm, membranous, creamy when fresh, brown when dried; papillae absent; laticifers not visible; calyx 2.3-2.8 mm, brownish, not reticulate, shiny, campanulate, ca. as long as the corolla tube, divided 1/2-2/3 the length, tube 0.6-1.1 mm, lobes 1.3-1.8 mm, overlapping, ovate, oblong to obovate, not carinate, margins entire or finely serrulate-denticulate, apex acute or obtuse with a subapical horn-like projection, 0.3-0.6 mm long, prolonging beyond the apex; corolla 2.2-3.2 mm, tube 1.2-1.6 mm, campanulate, lobes 1.2-1.8 mm, ca. as long as the tube, spreading to reflexed, ovate to lanceolate, margins entire to irregular denticulate, apex obtuse but with a subapical horn-like projection 0.3-0.7 mm (like the calyx lobes), straight; stamens exserted, shorter than corolla lobes, 0.4-0.5 mm × 0.2-0.3 mm, anthers ovate to elliptic, filaments 0.5-0.9 mm; INFRASTAMINAL SCALES 1.2-1.6 mm long, equaling corolla tube, bridged at 0.5-0.7 mm, oblong to broadly ovate, rounded, sparsely short-fringed, fimbriae 0.04-0.15 mm; styles 0.9-2 mm, longer than the ovary, stout and subulate, wider at the base and tapering toward the stigma. CAPSULES circumscissile, 1.8-2.3 mm × 1-2 mm, globose to slightly depressed, not thickened or risen around the small interstylar aperture, not translucent or becoming translucent very late, capped by the withered corolla. SEEDS 2-4 per capsule, 0.75-1.1 mm × 0.7-0.9 mm, angled, subround, ovate to broadly elliptic, seed coat cells alveolate-papillate. (Fig. 6, a1-a2) 4a. Each calyx lobe with a subapical horn-like appendage (Fig. 1) (Fig. 1b) 6a. Corolla lobes 3-4 times longer than the tube; infrastaminal scales bifid or with a few fimbriae (Fig. 4) Cuscuta boldinghii et C. chapalana maxime simile, sed lobis corollae tubo 3-4plo longioribus; ab C. boldinghii differt infrastaminalibus scalis curtioribus; ab C. chapalana differt corolla tubo 0.6-0.8 mm longi, campanulato, sine sulci longitudinaribus.
Taxonomic treatment
DESCRIPTION: STEMS slender, orange. INFLORESCENCES dense, glomerulate; pedicels 0.2-1 mm; bracts 1-2 at the base of clusters and 0-1 at the base of pedicels, 0.8-1.7 mm long, ovate-lanceolate, margins entire, apex acuminate. FLOW-ERS 5-merous, 3-4 mm, fleshy, white when fresh, creamywhite when dried, papillae absent; laticifers not visible; CA-LYX 1.5-2.1 mm, brownish-yellow, not reticulate or shiny, campanulate, longer than the corolla tube, divided to ca. 1/3 the length, tube 0.4-0.7 mm, lobes 1.4-1.8 mm, slightly overlapping, triangular-ovate to lanceolate, not carinate, with a subterminal dorsal horn-like projection, 0.2-0.6 mm (Figs. 1d-1e) ; margins membranous, irregular, sparsely denticulate, apex acute to acuminate slightly reflexed; COROLLA 2.5-3 mm, tube campanulate, 0.6-0.8 mm, lobes 2-2.4 mm, initially erect, later spreading or reflexed, 3-4 times longer than the tube, lanceolate to linear, margins entire, apex acute with a subterminal horn-like projection, 0.4-0.8 mm (Figs. 1g-1h) ; STAMENS exerted when corolla lobes are reflexed, shorter than the latter, anthers 0.3-0.4 mm × 0.25-0.3 mm, subround to broadly ovate; POLLEN GRAINS prolate, 20-24 µm, imperforate (when puncta are present, their diameter is 50-200 nm); filaments 0.6-1 mm; INFRASTAMINAL SCALES 0.6-8 mm long, ca. equaling the corolla tube, bridged at 0.25-0.3 mm, oblong, bifid or with a few fimbriae 0.05-0.2 mm; STYLES 0.8-1.3 mm, equaling to slightly longer than the ovary, subulate. CAPSULES circumscissile, 1.8-2.5 mm × 1.2-2 mm, globose to slightly depressed, not thickened or risen around the relatively large interstylar aperture, translucent, not capped by the withered corolla. SEEDS 2-3 per capsule, 0.8-1.2 mm × 0.7-0.9 mm, angled, subround to broadly elliptic, seed coat cells alveolate-papillate.
ETYMOLOGY: Specific epithet comes from the Latin "bonus" and "fortuna" meaning "of good luck" alluding both to the chance of encountering the new species at the end of a journey through Mexico in August 2009, and the good fortune that prevented potentially tragic consequences after an accident that happened when we collected the plants. DISTRIBUTION AND ECOLOGY: Mexico: Guanajuato and Michoacán; flowering August-October; elevation 1900-2000 m; hosts: parasitic on low herbaceous plants: Bouchea, Porophylllum, Salvia, Simsia.
3. Cuscuta carnosa Costea & Stefanović, sp. nov. (Fig. 5) TYPE: Mexico, Durango, Mpio. El Saldo, Sierra Madre Occidental, along Hwy. 40 from 1 to 4.6 miles north of the state line and 1.6 to 5.2 miles south of Revolcaderos, ca. 3-4 miles north of El Palmito (approx. 105°50″W, 23°36″N ). Humid pine and oak forest on steep northeast-facing slopes. A white-flowered parasite on Salvia; elevation 6600 ft; 27 March 1984; Sanders et al. 4940.
HOLOTYPE: UCR; fragment WLU. Cuscutae mexicanae similis sed floribus carnosis, calyx 3.5-4.5 mm longus; corolla 5-6 mm longa, lobis non appendiculatae; infrastaminales scalae cum fimbriis crasae.
DESCRIPTION: STEMS coarse, orange. INFLORESCENCES dense, glomerulate; pedicels 0.5-2 mm; bracts 1 at the base of clusters and 0-1 at the base of pedicels, 3-4 mm long, broadly ovate, margins entire, apex rounded. FLOWERS 5-merous, 5-7 mm, very fleshy, white when fresh, creamy-white or brownish when dried, papillae absent; laticifers not visible; CALYX 3.5-4.5 mm, brownish-yellow, not reticulate or shiny, cupulate to sub-globose, shorter than the corolla tube, divided to 1/3-1/4 the length, tube 0.5-1 mm, lobes 2.6-3.8 mm, overlapping, broadly ovate to round, some lobes carinate or with a dorsal dome-like projection, 0.1-0.2 mm; margins membranous, entire, apex rounded; COROLLA 5-6 mm, tube ovoid to urceolate, 3-3.8 mm, lobes 1.5-2.2 mm, initially erect, later spreading, shorter than the tube, broadly ovate to round, margins entire, apex rounded without a subterminal horn-like projection; STAMENS not exerted, anthers 0.7-1 × 0.6-8 mm, elliptic to broadly elliptic, filaments 0.1-0.2 mm; POLLEN grains prolate spheroidal to prolate, 22-30 µm, tectum perforate, diameter of puncta 0.2-0.8 µm ( Fig. 1k ; corresponds to tectum perforatum 2 of Welsh et al. 2010] ; INFRASTAMINAL SCALES 2.8-3.3 mm long, ca. equaling the corolla tube, bridged at 0.8-1.4 mm, oblong to obovate, very thick, fimbriae 0.05-0.3 mm, very thick (Fig. 1j) ; STYLES 1.5-2 mm, equaling the ovary, thick, cylindrical. CAPSULES circumscissile, 2.5-3 × 3-6 mm, ovoid, not thickened, but risen in a collar around the inconspicuous interstylar aperture, pericarp thick, not translucent, capped by the withered corolla. Mature seeds not seen.
ETYMOLOGY: The specific epithet alludes to the thick, fleshy texture of all the floral parts including the infrastaminal scales (from Latin "carnis" = flesh, meat). DISTRIBUTION AND ECOLOGY: Mexico. Durango: Sierra Madre Occidental; flowering March; elevation 2000 m; host Salvia sp. Although C. carnosa is known only from one herbarium collection, we are fully confident of its validity because the type specimen has numerous mature flowers, which allowed both a thorough morphological investigation and the inclusion in the molecular analysis. A search at the type collection site in the Sierra Madre Occidental Mountains in February 2010 failed to recover the species, which indicates that, similarly to other dodders, C. carnosa is probably a rare species. dense, glomerulate-paniculate often confluent; pedicels 0.2-1 mm; bracts 1-2 at the base of clusters and 0-1 at the base of pedicels, 0.8-1.7 mm long, ovate, margins entire, apex acute. (Fig. 1b) , fleshy, white when fresh, creamy-white when dried, papillae absent; laticifers not visible; CALYX 2.4-3 mm, brownish-yellow, not reticulate or shiny, narrow-campanulate to tubular, 1/2-3/4 of the corolla tube, divided to ca. 1/3 the length, tube 0.6-1.4 mm, lobes 2-2.6 mm, slightly overlapping, ovate to lanceolate, not carinate, with a subterminal dorsal horn-like projection, 0.1-0.3 mm (Fig. 1a) ; margins membranous, irregular, entire to sparsely denticulate, apex obtuse to acute; COROLLA 3.8-7 mm, tube cylindrical, 2.5-5 mm, lobes 1.2-2.5 mm, initially erect, later spreading or reflexed, 2-3 times shorter than the tube, lanceolate to linear, margins entire, apex acute with a subterminal horn-like projection, 0.2-0.5 mm (Fig. 1c) ; STAMENS exerted when corolla lobes are reflexed, shorter than the latter, anthers 0.7-0.9 mm × (0.3) 0.4-0.6 mm, ovate to oblong, filaments 0.1-3 mm; INFRASTA-MINAL SCALES 1.5-2.4 mm long, ca. 1/2 the corolla tube, bridged at 0.2-0.3 mm, linear, bifid or with a few fimbriae, 0.05-0.2 mm; STYLES 2-3.8 mm, longer than the ovary, subulate. CAPSULES circumscissile, 1.6-4 mm × 1.5-2 mm, depressed globose, not thickened or risen around the inconspicuous interstylar aperture, become translucent very late, capped by the withered corolla. SEEDS dense, glomerulate, often confluent; pedicels 0-1.5 mm; bracts 1 at the base of clusters, 0-1 at the base of pedicels, 3-3.5 mm long, broadly triangular (broader than long), margins entire, apex cuspidate. mm, membranous, white when fresh, creamy-white when dried; papillae present on the calyx and corolla lobes; laticifers visible in the corolla lobes, anthers and sometimes in the infrastaminal scales; CALYX 3.2-3.5 mm, straw-yellow, reticulate, not shiny, campanulate, equaling the corolla tube, divided 2/3-3/4, tube 1-1.5 mm, lobes 1.5-2.1 mm, basally overlapping, broadly ovate-triangular, not carinate, margins entire, apex cuspidate; COROLLA 3.5-4.5 mm, tube 2-3 mm, campanulate, lobes 1.5-2 mm, erect to reflexed, 1/2-1/3 the tube, ovate, overlapping at base, margins entire, apex rounded or obtuse but appearing cuspidate because of a subterminal dorsal cusp, 0.1-0.3 mm long prolonging beyond the apex; STAMENS barely exserted, shorter than corolla lobes, anthers 0.5-7 mm × 0.45-0.55 mm, elliptic, filaments 0.3-0.6 mm; INFRASTAMINAL SCALES 2-2.8 mm long, reaching filament bases, bridged at 0.4-0.6 mm, oblong-obovate, dense and long fringed, fimbriae 0.2-0.4 mm; STYLES 3-3.5 mm, longer than the ovary, evenly filiform. CAPSULES circumscissile, 2.5-4 mm × 2-3.1 mm, depressed globose, thickened at the apex with large interstylar aperture, translucent, loosely surrounded and capped by the withered corolla. SEEDS loose to moderately dense, paniculiform or corymbiform; pedicels 1.5-6 mm; bracts 1 at the base of clusters and 0-1 at the base of pedicels, 0.8-1.9 mm long, ovate-triangular to lanceolate, margins entire to serrulate-denticulate, apex obtuse to acute, sometimes with a subapical horn-like projection. mm, membranous, creamy to reddish-brown both when fresh and dried; papillae absent; laticifers not visible; CALYX 1.5-2.2 mm, yellow, finely reticulate, shiny, cupulate, 3/4 to almost equaling corolla tube, divided 1/2-2/3 of the length, tube 0.5-0.8 mm, lobes 1.2-1.6 mm, basally overlapping, oblong-obovate to orbicular, unevenly carinate, margins membranous and minutely erose or denticulate, apex nearly truncate with a dorsal subapiacal dome-like projection, not exceeding the apex; COROLLA 3-4 mm, tube 1.5-2.2 mm, campanulate, sometimes with horizontal ridges between stamen attachments, lobes 1.2-1.6 mm, erect to spreading or reflexed, ovate-oblong, margins entire to denticulate, apex obtuse, cucullate, often with a dorsal subapical horn-like appendage, 0.1-0.2 mm long; STAMENS exserted, shorter than the corolla lobes, anthers 0.7-1 mm × 0.4-0.5 mm, ovate to oblong, filaments 0.4-1 mm; INFRASTAMINAL SCALES 1.5-2 mm long, 3/ 4 to almost equaling corolla tube, bridged at 0.4-0.6 mm, oblong to almost truncate, dense and long fringed, fimbriae 0.2-0.4 mm; styles 1.8-3.2 mm, longer than the ovary, thick and ± subulate, wider at the base and tapering toward the stigma. CAPSULES circumscissile, 2-2.5 mm × 2.2-2.5 mm, globose, thickened but not risen around the inconspicuous interstylar aperture, not translucent, carrying the withered corolla about the middle or at the top. SEEDS Welsh et al. 2010) ; INFRASTAMINAL SCALES 1.6-2.8 mm long, 3/4 to ca. equaling the corolla tube, bridged at 0.3-0.5 mm, oblong to obovate, fimbriae vary from 1-seriate, unbranched, 0.2-0.4 mm to 3-4-seriate, dendritically branched and 0.4-0.8 mm (Fig. 1i) 4-5 mm, tube 3-3.3 mm, cylindrical, lobes 1.5-2 mm, erect to reflexed, 1/2-2/3 the tube, ovate, overlapping at base, margins entire, apex ± acute, cucullate, with a subterminal dorsal cusp, 0.25-0.4 mm long; STAMENS not or barely exserted, shorter than corolla lobes, anthers 0.4-0.55 mm × 0.3-0.4 mm, elliptic, filaments 0.2-0.3 mm; INFRASTAMINAL SCALES 2-2.4 mm long, 1/2-2/3 as long as the tube, bridged at 0.4-0.7 mm, oblong to obovate, dense fringed, fimbriae 0.2-0.4 mm; STYLES 2.5-3.5 mm, longer than the ovary, evenly filiform. CAPSULES circumscissile, 2-3.3 mm × 1.8-2.2 mm, depressed globose, thickened at the apex with large interstylar aperture, translucent or not, loosely surrounded and capped by the withered corolla. SEEDS 1-2 per capsule, 1-1.25 mm × 0.9-1.1 mm, angled, subround to round, seed coat cells alveolate-papillate. DISTRIBUTION AND ECOLOGY: Mexico: Durango, Jalisco, Michoacán; elevation 1000-2000 m; hosts were not recorded for any of the collections and are impossible to identify based on the fragments present in herbaria.
9. Cuscuta strobilacea, Liebm., Förh. Skand. Naturf. Möte 1844: 194 (-195) . 1847. (Fig. 6) TYPE: Mexico, Veracruz, Mirador 2/1842, Liebmann 12361.
LECTOTYPE: here designated, C. DESCRIPTION: STEMS medium, yellow to orange. INFLORES-CENCES dense, paniculate-glomerulate, often confluent; pedicels 0.2-1 mm; bracts 2-5 at the base of clusters and 5-7 at the base of pedicels, spiraled and resembling the sepals, 1.5-2.7 mm long, triangular or broadly ovate, margins membranous, finely erose, apex rounded to acute. FLOWERS 5-merous, 4-6 mm, fleshy, white when fresh, brownish when dried, papillae absent; laticifers not visible; CALYX 2.-2.8 mm, brownish to reticulate and shiny, cupulate, equaling or longer than the corolla tube, divided to 1/4-1/5 the length, tube 0.3-0.5 mm, lobes 1.7-2.5 mm, overlapping, broadly ovate to triangular, sometimes slightly carinate; margins membranous, finely erose, apex rounded or acute (Fig. 6) ; ± cucullate, with a subterminal dome-like or cusp, 0.05-0.3 mm long; COROLLA 3.6-5.5 mm, tube narrow-campanulate, 1.8-3 mm, lobes 1.5-2.5 mm, initially erect, later spreading, ± equaling the tube or slightly shorter, ovate to oblong-lanceolate, margins entire to finely erose, apex obuse or acute, slightly cucullate, with or without subterminal horn-like projection, 0.2-0.3 mm; STAMENS exerted, anthers 0.7-1 mm × 0.5-0.7 mm, oblong to elliptic, filaments 0.6-0.9 mm; INFRASTA-MINAL SCALES 1.8-2.8 mm long, equaling the corolla tube, bridged at 1-1.2 mm, ovate to broadly elliptic, fimbriae 0.3-0.4 mm (some branched); STYLES 1.2-2.5 mm, equaling to longer than the ovary, thick, cylindrical. CAPSULES ovoid 3-3.8 mm × 2.2-2.8 mm, thickened and risen around the inconspicuous interstylar aperture, not translucent, capped by the withered corolla. SEEDS 2-4 per capsule, 1.3-1.6 mm × 1.1-1.3 mm, angled, broadly oblong to subround, seed coat cells alveolate-papillate.
NOTE: Three other specimens at C bear the same label information as the lectotype but have different collection num-bers and are considered syntypes: Liebmann 12362, 12364, 12371 (C). Although the labels of these type collections contain as a locality only "Mirador", which could not be found on the current maps of Veracruz, "Dep. Veracruz" is clearly stated in the protologue. In addition, according to Friis (2000) , who retraced Liebmann's exploration in Mexico, "Mirador" is the name of a hacienda located in Veracruz near Orizaba, at an elevation of about 1000 m.
Cuscuta strobilacea var. strobilacea DISTRIBUTION AND ECOLOGY: Mexico (Jalisco, Guerrero, Michoacán, Oaxaca, and Veracruz), El Salvador, and Honduras. Flowering December-March; elevation 200-1500 m; hosts: Aeschynomene, Bouganvillea, Ficus, Triumfetta. Figure 6 , a1-a2.
Cuscuta strobilacea var. pringlei (Yunck.) Costea & I. García, comb. et Mexico: Baja California, Chiapas, Durango, Morelos, and Nayarit. Flowering October-February; elevation 1000-2000 m; hosts: Calliandra, Dalea, Eriosema, Mimosa (hosts are frequently identified only as "Fabaceae" in the labels of herbarium specimens). Figure 6 , b1-b3.
NOTE: The line drawing that Yuncker (1932) used for C. strobilacea represents in fact C. strobilacea var. pringlei.
